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a)  No congestion, 
no losses

















g1 =100  MWh
33.3 MW 33.3 MW
z2 z3
g1=95 MWh 30 MW
31,7 MW – 1,7 MW 










z1= z3 = z2 =1  z1= z3 = z2 =1 
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Geographically determined subsystem (corresponding to countries)n
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Subregion













Nodes of the graph structure: 
Production nodes transmission and
Flow
Edges of the graph structure:






distribution grid nodes, and demand 
nodes with corresponding units






Detailed representation of generation capacities in Germanyd ls










Conversion processes with techno-economic parameterisation of alternative operation 
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θext,t,seas · Slackext = 0
∀ ext ∈ EXT, ∀ t ∈ T ; ∀ seas ∈ SEAS
with Slackext =
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2007 2010 2015 2020 2025 2030
fueloil 4.5 4.5 3.3 1.8 1.3 0.8
HPS 4.0 4.0 4.0 5.0 5.0 5.0
0
gas 23.4 27.1 25.4 20.8 20.4 23.1
coal 27.8 28.3 28.7 26.8 23.2 18.6
lignite 19.2 18.9 19.6 13.8 17.6 16.3
nuclear 20.5 20.5 12.0 8.1 0.0 0.0
RES 31.6 39.9 51.4 64.5 75.5 86.5
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2007 2010 2015 2020 2025 2030
fueloil 0.0 1.0 0.0 0.0 0.1 0.0
HPS 6 0 6 0 6 0 7 5 7 5 7 5
0
. . . . . .
gas 69.4 62.8 63.8 64.9 66.1 74.6
coal 125.8 91.0 99.0 133.0 123.9 83.7
lignite 137.0 133.6 145.2 105.4 136.5 127.2
nuclear 131.7 138.1 91.8 61.7 0.0 0.0
RES 74.0 89.9 116.7 153.0 186.3 219.7
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RES uranium lignite coal gas HPS
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2007 2010 2015 2020 2025 2030
fueloil 4.5 4.5 3.3 1.8 1.3 0.8
HPS 4.0 4.0 4.0 5.0 5.0 5.0
0
gas 23.4 27.1 25.6 22.8 22.4 25.1
coal 27.8 28.3 28.7 26.9 23.2 18.6
lignite 19.2 18.9 19.6 16.9 16.2 15.3
nuclear 20.5 20.5 12.0 8.1 0.0 0.0
RES 31.6 39.9 51.4 64.5 75.5 86.5
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2007 2010 2015 2020 2025 2030
oil 0.0 0.0 0.0 0.1 0.0 0.0
HPS 6 0 6 0 6 0 7 5 7 5 7 5
0
. . . . . .
gas 69.4 64.1 64.9 66.8 68.6 77.1
coal 125.8 89.3 99.0 106.8 132.5 89.6
lignite 137.0 134.9 144.1 129.6 125.5 118.7
nuclear 131.7 138.1 91.8 61.7 0.0 0.0
renewable 74.0 89.9 116.7 153.0 186.3 219.7
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2007 2010 2015 2020 2025 2030
fueloil 4.5 4.5 3.3 1.8 1.3 0.8
HPS 4.0 4.0 4.0 5.0 5.0 5.0
gas 23.4 27.1 25.4 20.8 20.5 23.5
coal 27.8 28.3 28.7 26.8 23.2 18.5
lignite 19.2 18.9 19.6 13.8 12.7 11.4
nuclear 20.5 20.5 12.0 8.1 0.0 0.0
RES 31.6 39.9 51.4 64.5 75.5 86.5
3
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2007 2010 2015 2020 2025 2030
fueloil 0.0 1.0 0.0 0.0 0.1 0.0
HPS 6 0 6 0 6 0 7 5 7 5 7 5
00
. . . . . .
gas 69.4 62.4 62.1 59.0 62.3 73.9
coal 125.8 85.8 85.6 110.5 127.4 77.4
lignite 137.0 132.7 142.7 105.4 97.5 84.0
nuclear 131.7 138.1 91.8 61.7 0.0 0.0
RES 74.0 89.9 116.7 153.0 186.3 219.7
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fueloil 4.5 4.5 3.3 1.8 1.3 0.8 4.5 4.5 3.3 1.8 1.3 0.8
HPS 4.0 4.0 4.0 5.0 5.0 5.0 4.0 4.0 4.0 5.0 5.0 5.0
gas 23.4 27.1 25.4 21.1 20.4 22.6 23.4 27.1 25.4 21.1 20.7 20.9
coal 27.8 28.3 28.7 26.1 23.1 18.5 27.8 28.3 28.7 26.1 23.3 28.4
lignite 19.2 18.9 19.6 13.2 17.7 16.5 19.2 18.9 19.6 13.2 16.7 15.4
nuclear 20.5 20.5 12.0 8.1 0.0 0.0 20.5 20.5 12.0 8.1 0.0 0.0
RES 31.6 39.9 51.4 64.5 75.5 86.5 31.6 39.9 51.4 64.5 75.5 86.5
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fueloil 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.1 0.0
HPS 6.0 6.0 6.0 7.5 7.5 7.5 6.0 6.0 6.0 7.5 7.5 7.5
gas 69.4 64.0 64.3 67.9 66.3 75.1 69.4 64.4 66.2 69.8 72.9 64.1
coal 125.8 90.8 99.1 134.7 122.6 82.1 125.8 90.7 98.7 133.3 124.2 130.3
lignite 137.0 133.5 144.5 100.7 137.6 128.3 137.0 133.3 143.0 100.2 129.1 90.5
nuclear 131.7 138.1 91.8 61.7 0.0 0.0 131.7 138.1 91.8 61.7 0.0 0.0
RES 74.0 89.9 116.7 153.0 186.3 219.7 74.0 89.9 116.7 153.0 186.7 220.3
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2007 2010 2015 2020 2025 2030 2007 2010 2015 2020 2025 2030
Gas+20 Gas+50
f l lue oi 4.5 4.5 3.3 1.8 1.3 0.8 4.5 4.5 3.3 1.8 1.3 0.8
HPS 4.0 4.0 4.0 5.0 5.0 5.0 4.0 4.0 4.0 5.0 5.0 5.0
gas 23.4 26.9 25.2 20.6 19.9 22.1 23.4 26.9 25.2 20.6 19.9 20.8
coal 27.8 28.3 28.7 27.2 22.9 17.8 27.8 28.3 28.7 27.9 23.9 20.7
lignite 19.2 18.9 19.6 14.7 19.3 18.1 19.2 18.9 19.6 14.7 21.3 20.0
nuclear 20 5 20 5 12 0 8 1 0 0 0 0 20 5 20 5 12 0 8 1 0 0 0 0. . . . . . . . . . . .
RES 31.6 39.9 51.4 64.5 75.5 86.5 31.6 39.9 51.4 64.5 75.5 86.5
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2007 2010 2015 2020 2025 2030 2007 2010 2015 2020 2025 2030
Gas+20 Gas+50
0
fueloil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HPS 6.0 6.0 6.0 7.5 7.5 7.5 6.0 6.0 6.0 7.5 7.5 7.5
gas 69 4 63 3 62 9 62 1 63 7 71 2 69 4 62 8 62 2 61 0 60 0 59 4. . . . . . . . . . . .
coal 125.8 91.6 99.1 133.3 112.8 77.3 125.8 92.1 99.8 134.4 101.3 86.3
lignite 137.0 133.5 146.0 107.8 150.2 137.0 137.0 133.5 146.0 107.8 165.4 139.8
nuclear 131.7 138.1 91.8 61.7 0.0 0.0 131.7 138.1 91.8 61.7 0.0 0.0
RES 74.0 89.9 116.7 153.0 186.3 219.7 74.0 89.9 116.7 153.0 186.3 219.7
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